This research aims to find the best practice of prototyping a smart Lingzhi mushroom farm in Thailand. This research applied the use of NodeMCU with a humidity sensor and IOT platform to measure and monitor the humidity in the Lingzhi mushroom farm. The humidity data proceeds through NETPIE was developed and provided by NECTEC, Thailand as a free service for IOT. The humidity data was stored into a NET FEED (a sub service from NETPIE) and displayed on mobile devices and computers through NET FREEBOARD (another sub service of NETPIE). This technology also automatically controlled the sprinkler, fog pumps, and the functional status (switching on and off periodically) of push notifications through LINE API on the LINE Application. The equipment and tools used in this research were NodeMCU, humidity sensor, RTC (real time clock), relay module, sprinkler and fog pumps. C++ and Node.JS were used for programming. The services and protocol used were NETPIE (Network Platform for internet of everything) with subservices such as NETPIE FEED, NETPIE FREEBOARD, and NETPIE REST API. The LINE API was also included. The results of the research show that using NodeMCU with the humidity sensor and IOT platform demonstrates the best practice of smart farming.
Introduction
The Thai government would like to promote Thailand 4.0 by using a new technology for Thai agriculture. Maejo University Chiangmai (agricultural university) has a concept to develop a prototype of smart Lingzhi mushroom farm by using current information technology to control the environment in Lingzhi mushroom farm. The reason for developing a smart Lingzhi mushroom farm is to promote a new modern agriculture to Thai farmers. The Lingzhi mushroom is considered as a new industrial crop for Thai farmers. Normally, to control the environment for mushrooms, light, temperature, humidity, and air flow need attention. [1] Research done by Maejo University showed that humidity was the most important factor for the growth of the spores of the Lingzhi mushroom leaves. This research used NodeMCU with a humidity sensor and IOT to measure and monitor the humidity in the Lingzhi mushroom farm as well as the control of irrigation. Manuscript 
Literature Review
IOT: Internet of Thing is an internet application which involves 3 kinds of technologies, that includes 1) perception, 2) transmission and 3) intelligent processing [2] . Internet of Things combines sensor technology, communication network, internet technology and intelligent computing technology to achieve reliable intelligent processing [3] . The protocol commonly used for the internet of things is MQTT. MQTT (Message Queuing Telemetry Transport) is a brokenbased publishing/subscribing, instant messaging protocol. It's designed to be open, simple, lightweight and easy to implement. The advantage of MQTT protocol is that it solves the problem of instantly pushing various messages from the server to the mobile devices. NETPIE: Network Platform for Internet of Everything is a Cloud-based platform as a service that facilitates interconnecting IOT devices (things) together in the most seamless and transparent manner possible by pushing the complexity of connecting IOT devices from the hands of application developers or device manufacturers to the Cloud. NET-PIE also provides micro-gear libraries, firmware, and SDKs that facilitate communication channels and other functionalities between things and the NETPIE platform. Micro-gear is open-source. NETPIE is not managed by MQTT brokers. NETPIE creates our own publish-subscribe communication model that allows instant messaging among IOT devices (things). This communication model can support both the MQTT protocol and the HTTP REST protocol. To make things talk over the MQTT protocol, it uses the KEY and SECRET which we (these researchers) have created on the NETPIE web for authentication [4] . NETPIE is created and supported by the Thai government: NECTEC (Thailand: National Electronics and Computer Technology). It is a free Cloud-based platform service. Figure 1 demonstrates the connection between IOT devices (NodeMCU) and NETPIE and the connection between user and NETPIE. NETPIE is considered as a middleware (Broker) and cloud service. An IOT device in this research is NodeMCU-12E with humidity sensor (DHT22/AM2302). Microgear is a library provided by NETPIE (NETPIE Chat.ino) and communication rate is 115,200 bits per second. User can connect to NETPIE via web browser.
The NETPIE services used in this research were microgear libraries, NETPIE FREEBOARD, NETPIE FEED and NETPIE REST API.
Copyright © 2018 The Institute of Electronics, Information and Communication Engineers NETPIE FREEBOARD is a subservice provided by NETPIE. It is similar to a free Dashboard which shows information on the web browser. Data can be visualized or monitored on real-time. NETPIE and NodeMCU-12E are connected and communicated using MQTT protocol with microgear library. To connect between NETPIE FREE-BOARD (freeboard.io) and NETPIE a REST API Protocol (Representational State Transfer Application Programming Interface) is used. JSON format is also applied for data source.
NETPIE FEED is another sub-service provided by NETPIE. It is used as a database to keep data retrieved from the IOT system with sensors. Data can be retrieved from NETPIE FEED as a time-series. NETPIE REST API (Representational State Transfer Application Programming Interface) is another sub-service provided by NETPIE and it can be called REST Web API. It is used to communicate, exchange and retrieve information as a web service by using an HTTP method such as get, put, post, delete and is formatted as JSON (JavaScript Object Notation).
LINE API provides a service named LINE Notify that can send messages or notices to the LINE Application. The service used is a common HTTP POST. The access token is applied as a code when using the LINE API [5] .
In this research NodeMCU sends messages about the functional status by switching on and off from sprinkler and fog pumps to the API service. Notifications are then sent to the LINE Application.
NodeMCU is an open source IOT platform. It includes firmware which runs on the ESP8266 WI-FI SoC (Systemon-chip) from Espressif Systems Company (from Shanghai, China). It is a 32 bit Microcontroller. In this research NodeMCU used ESP-12 module or NodeMCU version 2. NodeMCU is similar to the Arduino which has built in input and output ports. NodeMCU is compatible with Arduino IDE in the fact that programming C++ can be written for it. Compiling and flashing programming codes can be done using microB-USB. NodeMCU is more convenient than Arduino because it is smaller and can connect to WIFI [6] .
Previous Research
The previous research [7] applied using IOT with RFID to find the best practice of logistic management for the Electricity Generation Authority of Thailand (EGAT) Mae Mao Mining, Lampang. The research applied the use of RFID for lignite coal trucks and data from RFID proceed automatically through a server and was stored into a private cloud computing. The equipment and tools used in their research was an RFID reader, UHF passive RFID tags, Arduino Mega 2560 + Ethernet Shield, PHP, Jason, Node.JS and Maria DB as a database system. The protocol used was MQTT. The results of the research showed that officers who worked for related systems were satisfied. The system enhanced the best practice of lignite coal mining logistic in terms of information checking.
In this research, the authors would apply the knowledge from the previous research mentioned above using IOT technology. NETPIE services developed by NECTEC, were also applied to process data via the internet. They were stored in a Cloud Computer and displayed on computers and mobile devices. In addition, the LINE API was also included as a functional status with notifications on the LINE Application. For the hardware selection, NodeMCU was selected instead of using Arduino Mega 2560 + Ethernet Shield suggested by the previous research.
Research Methodology
Following the waterfall model of the system development life cycle (SDLC), there are 5 steps in this research. Requirement and Feasibility study, system analysis and design, implementation, system validation, and maintenance.
Requirement and Feasibility Study
The requirement of this research was to create a prototype of a smart Lingzhi mushroom farm. The Lingzhi mushroom farm needed to be environmentally controlled specifically for humidity. The switching on and off of the water sprinkler and fog pump were required. Period of times of watering was dependent on the humidity of the Lingzhi mushroom farm. The suitable humidity needed by the Lingzhi mushroom farm should be 90-95%. Moreover, the system should be cost effective and require simple maintenance. Humidity data was sent to Cloud Computing (using NETPIE services) and was shown on computers and mobile devices. The status of watering was noted on computers and mobile devices.
For this research, we selected NodeMCU, IOT as smart technology for the smart Lingzhi mushroom farming. The tools, software and protocol used are shown in Fig. 1 and Tables 1-3.
System Analysis and Design
The research was done during the winter season. The average daily temperature was 20 to 25 degree Celsius. It was considered suitable for the growth of Lingzhi mushroom [8] Therefore, this research and the development of the IOT system was not designed to control and measure the temperature. However, a DTH22 is a bi-functional sensor measuring temperature and humidity at the same time. In this research, only the humidity of the Lingzhi mushroom Table 1 Hardware and purpose of the use. Table 2 Software and purpose of the use. Table 3 Service and protocol and proposes of the use. farm needed to be measured. Functional status of sprinkler and fog pumps were needed to notify (switching on and off automatically). The average humidity should be 90-95%. The Lingzhi mushroom farm was designed using local materials. Light, air flow and air ventilation were not considered in this research.
Concept Diagram
In this research IOT was applied for use with a humidity sensor to measure the humidity of the Lingzhi mushroom farm and to control the switching on and off of water sprinkler and fog pump automatically. NodeMCU was applied as the hardware with WIFI for IOT connecting with Maejo University access Point to connect the internet. A service used to send humidity data to the internet was NETPIE, and a sub service used was NETPIE FREEBOARD to real-time display humidity data and time stamp on smartphones and computers [9] . Another sub NETPIE used was NETPIE FEED to record humidity data and time stamp on cloud services [10] . The information retrieval used was Node.JS on NETPIE REST API [11] .
For the monitoring of information of humidity, farmers could use NETPIE FREFORD and NETPIE FEED via HTTPS://netpie.io/. In the additional option, MJUSmart-Mushroom was used as mobile application running on Android to access NETPIE FREFORD and NETPIE FEED. LINE Notify was used to notice the functional status of water sprinkler and fog.
It should be noted, if there was no internet connection, NodeMCU with the DTH22 sensor still can measure humidity of the Lingzhi mushroom farm. The control of irrigation was still automatically functioning, as well as the switching on and off of the sprinkler and fog pumps. However, only the humidity data was not processed into NETPIE, the humidity data was not shown on mobile devices, and the humidity data was not stored into cloud computing.
Hardware Connection Diagram
In this research, NodeMCU V2 (ESP8266 -12E) was applied as an IOT platform. It was used to connect and control devices and send humidity data to the internet via WIFI connection. DS1307 was used as a real time clock for time stamp. DHT 22 was used as humidity sensor. Two relay modules were used to control irrigation systems (sprinkler and fog pumps). LCM 1602 IIC was used as convertor to connect between an LCD screen and NodeMCU. The overall wiring diagram is shown on Fig. 3 .
Flow Chart Diagram
The total time to cultivate Lingzhi mushroom is between 90 and 120 days. The first 40 days are in the nursery farm. From day 40 to 120 they are cultivated in the Lingzhi mushroom farm for the purpose of spore and leaf collection. A water irrigation sprinkler is used in the first 20 days and is needed for the Lingzhi mushroom leaves, to accelerate the process of increasing mushroom spores. The irrigation of the water sprinkler happens 4 times a day (09:00, 11:00, 13:00 and 15:00 o'clock) and lasts 5 minutes each time. The moisture needs to be controlled and is needed throughout the period of the Lingzhi mushroom cultivation. The humidity must be between 90-95 percent.
Implementation
Before the implementation, NodeMCU and humidity sensor were tested for sensitivity at 3 locations of the Lingzhi mushroom farm, in front of the farm, in the middle of the farm and at the end of the farm. The results show that there was no difference in humidity values for the 3 locations. Then Electronic devices were put together in a waterproof control box. The installation of the control box is located at the front of the mushroom farm. Sprinkler and fog pumps were allocated at the back of the Lingzhi mushroom farm. There were 3,500 Lingzhi mushroom cultivated in the mushroom farm. The size of the mushroom farm was 4 X 6 X 3 meters (width, length, height). Sensor DHT22 / AM2302 Temperature and humidity sensors were located in the middle of the mushroom farm.
In this research, two watering systems to control the humidity of Lingzhi mushroom farm were applied. The black tube was a sprinkler that was on the top. The white tube was a fog system below. The sprinkler system accelerated the process of increasing the Lingzhi mushroom spores. Water droplets were needed to cover the Lingzhi mushroom leaves. The fog system was used to control the humidity of the Lingzhi mushroom farm between 90-95 percent of humidity which was suitable for the growth of Lingzhi mushroom.
In order to connect to WIFI, nodeMCU supported WIFI standard IEEE 802.11b/g/n. In this research, Fixed IP address mode was taken to connect with Maejo University's WIFI. Free software named WIFI Analyzer [12] on mobile phone were used to verify the strength of the WIFI signal. The result of the WIFI signal was around −50 to −60 dBm which meant the signal was good. If IOT system (nodeMCU) connected to WIFI, the status of the connection was shown on the screen.
System Validation and Maintenance
In order to make sure the humidity sensor and IOT system cloud measured the humidity of the Lingzhi mushroom farm correctly, wet bulb and dry bulb thermometer was used for the validation.
The comparison of the results of humidity read by IOT and the wet and dry bulb thermometer (manual read) were taken into account. The humidity data in Fig. 8 shows that the humidity data read by the IOT system and the researcher went the same direction. However, the humidity data read by IOT was more detailed because the digits were in decimals. For example, if the dry temperature was 22 Celsius and the wet temperature was 21, the humidity could be 91%. If the dry temperature was 22 Celsius and the wet temperature was 20, the humidity cloud be 82%.
A CCTV (closed-circuit television) was installed to monitor the status of the watering system switching on and off. It compared the data from the time stamp shown on NETPIE FREEBOARD and the LINE Application (Fig. 6 ).
Results
The humidity data read from the DHT22 sensor could be displayed in many ways. It can be shown on LCD where it's located in front of the control box. It could also be shown on mobile devices. NETPIE services with sub services such as NETPIE FREEBOARD and NETPIE FEED were implemented in this stage. The functional status of the sprinkler and fog pumps (switching on and off) and time stamp can be noticed via LINE Application. In addition, the mobile application, MJUSmart Mushroom was included.
In Fig. 10 , the humidity data was shown by an LCD timestamp. In case the internet was not working, the humidity data was not processed into NETPIE. However, the humidity data was still shown on the LCD screen. And the irrigation controlling system was still working (switching on and off sprinkler and fog pumps). Only the functional status of the irrigation controlling system was not sent to LINE Notifications.
NETPIE FREEBOARD (IOT Dashboard) is a web application provided by NECTEC. MJU smart Lingzhi mushroom farm was a private freeboard then Key and Secret were also needed and there were generated by NETPIE. It was an open-source, with real time updates and it was considered stable and reliable. It was supported by Google chrome, Firefox, Safari but did not include Internet Explore. In this research, a service of NETPIE FREEBOARD can display humidity data read from DHT22 every 5 minutes. Information consists of time stamps, status of sprinkler and fog pumps.
Humidity data read from DHT22 was stored into a cloud computing service of NETPIE FEED. Information could be displayed in a time series graph to monitor the change of humidity of the Lingzhi mushroom farm. Historical information of the humidity of Lingzhi mushroom farm also could be retrieved.
In was an optional function to use the LINE Application to notify the status of switching on and off Sprinkler and fog pumps and the time stamp. Members in a LINE group were informed. In this research, there were 5 members in the MUS Smart Mushroom LINE group. 
Mobile Application
In this research, mobile applications running on Android were created by the use of the Andromo application [13] . It is a free software that can create Android applications without coding. The purpose was to a make it easy for the farmers or the users (Lingzhi mushroom farm) to monitor the humidity data from the NETPIE FREEBOARD. As an access to NETPIE FREEBOARD, farmers needed to access the web browser as well as the (through HTTP protocol) AppID Key and Secret. The MJUSmartMushroom application was designed to reduce those processes to streamline the farmer's usage. The MJUSmartMushroom application also included function controls where the famer could stop the irrigation systems. In addition, the MJUSmartMushroom application provided setting functions that allowed users to change the number of times or period of times for the sprinkler.
Discussion
There were 3 points discussed in this research. One was the economic perspective of the use of the IOT system being worth the investment. Second was the limitation of the use of the NETPIE FEED service from NETPIE. Third was the comparison between using IOT and the wet and dry bulb thermometer to measure the humidity of the Lingzhi mushroom farm.
First, the economic perspective, a newly developed IOT system was considered worth the investment. The electronic equipment cost approximately 2,000 Baths including NodeMCU V2 (ESP8266 −12E), Sensor DHT22/AM2302, Relay Module 2 channel 5 V, LCD 20X4 with I2C interface and some electric lines (excluding sprinkler and fog pump).
It assumes that the IOT is a computer. If one computer operated 20 hours a day for one month, the electricity bill would be 400 Baht [14] . The Lingzhi mushroom farm cultivated for 4 months. The electricity bill would be 400X4= 1,600 Baht. The labor cost, in Thailand, was 300 Baht per 8 hour working day. It would cost 9,000 Baht per month. Table 4 The comparison the cost between using IOT and human to measure humidity and control irrigation management. 9000 x 4 months = 36,000 Baht to employ laborers to measure humidity, and switch the sprinklers and fog pumps on and off.
It would be approximately 10 times cheaper if you compared the use of the IOT systems and manpower for the same job. Moreover, IOT was planned to be used as an automatic system for approximately 3 to 5 years due to the deterioration of electronic devices and new technologies replacing IOT systems.
Second, NETPIE FEED is available free for users. IT is developed and provides services by NECTEC. IT needs to share resources appropriately. FEED rate is limited to writing the API key to four times in about 60 seconds or 15 seconds on average to be written in one spot. It should be noted that NETPIE FEED allows data to be stored for one year. Reading data from NETPIE FEED is limited to 5 times in 4 seconds.
Lastly, the advantage of using IOT to measure the humidity of Lingzhi mushroom farm was that the IOT could measure the humidity in decimal digits of precision. The wet and dry bulb thermometer was measured manually (read by human) and error could have occurred.
Additionally, the Mean Absolute Percentage Error (MAPE) was applied to measure the size of the error in percentage terms. It was calculated as the average of the unsigned percentage error [15] . In this research, the comparison between the percentage of humidity measured by the IOT system and read by humans on wet and dry bulbs thermometer was taken. The sampling of humidity data was taken over the course of four days and the times from 09:00, 11:00, 13:00 and 15:00 o'clock.
The results compared the calculated error; the average difference between humidity data read by IOT system counts and human is 2.2%. It means that the RFID system is reliable, when α = .05 (5% of error).
Conclusion
NodeMCU, IOT Technology was used to apply for the smart Lingzhi mushroom farm. The development of the IOT system has operated for 4 months through the Lingzhi mushroom cultivation period of times. The developed IOT system was considered stable. Humidity data was considered reliable and accurate (if compare to information done manually). The functional status of the sprinkler and fog pumps Table 5 The MAPE (Mean Absolute Percent Error) between humidity data measured by IOT system and manual measuring.
was done correctly. The project leaders of the smart Lingzhi mushroom farm from Maejo University, ChiangMai were satisfied.
Future Research
Future research could be done for the improvement of IOT system for the smart farm. Firstly, the data back up system such as a SD card should be included when there was no internet connection. Humidity data could not be processed into NETPIE, but the humidity data could still be recorded into an SD card for backing up.
Secondly, Solar cell should be applied to integrate into a current IOT system. A new developed IOT system should be portable and easy to use for farmers in the isolate area.
Thirdly, Linkit One with GSM should be applied to replace NoeMCU, in the case of the Lingzhi mushroom farm having no WIFI connection, GSM would be an option.
Finally Maejo University, compares the growth of the Lingzhi mushroom between the farm using an IOT system and traditional manual. facilitate this research. This work is supported by Thailand Research Fund under grant number RTA6080013.
